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COMPLETE SPECIFICATION 
Variable-Ratio Lever Mechanisms 



We, Vauxhall Motors Limited, a 
British Company, of Luton, Bedfordshire, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to variable-ratio lever 
mechanisms which produce in an initial portion 
of a stroke a large output movement with a 
low output force, and in a final portion of the 
stroke a high output force. 

Such mechanisms can be used in vehicles, 
for example in a motor vehicle handbrake sys- 
tem, to give an initial quick take-up of slack 
in an output linkage, for example a cable or 
rod system, at a 'low mechanical advantage, 
followed by a final increment of movement at 
a high mechanical advantage. 

According to the invention, a variable-ratio 
lever mechanism comprises a double-arm input 
lever pivotally mounted on one end portion 
of an output actuator lever which is mounted 
intermediate its ends on a fixed pivot, the 
other end portion of the output actuator lever 
being connected to an output linkage, one arm 
of the input lever forming an input arm and 
the other arm being pivotally connected to 
one end of a resiliently yieldable link the other 
end of which is pivotally connected to the 
output actuator lever at a point spaced from 
the fixed pivot, and a link member pivotally 
connecting the input lever at a point between 
the pivot for the yieldable link and the mount- 
ing pivot for the input lever to a pawl lever 
one end portion of which is pivotally mounted 
on the fixed pivot and the other end portion 
of which forms a pivotal mounting for a lock- 
ing pawl which in one position of the 
mechanism can engage a fixed ratchet, the 
arrangement being such that in an initial in- 
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crement of movement of the input lever the 
mechanism moves as a whole about the fixed 
pivot, in a further increment of movement 
the yieldable link yields at a design output 45 
load and allows the link member to move the 
pawl lever about the fixed pivot to bring the 
locking pawl into engagement with the fixed 
ratchet, and in a final increment of movement 
a four-bar chain mechanism constituted by 50 
one arm of the input lever, the link member, 
the pawl lever and the output actuator lever 
produces an increased mechanical advantage 
at the output actuator lever. 

The input arm of the input lever is prefer- 55 
ably arranged to be movable manually. Alter- 
natively, however, remote operation is possible 
by arranging the input arm of the input lever 
to be movable by a servo device. 

The yieldable link may comprise a com- 60 
pression spring assembly. By the use of an 
over-centre action, the compression spring 
assembly can be made to assist loading in 
the output linkage during the final increment 
of movement of the input lever, thus increas- 65 
ing the overall mechanical advantage of the 
mechanism. 

The locking pawl may be resiliently biased 
towards the fixed ratchet, and, during the 
initial increment of movement of the input 70 
lever, be maintained out of contact with the 
fixed ratchet by a pin-and-abutment connec- 
tion between the locking pawl and the output 
actuator lever. 

The fixed ratchet may have two sets of 75 
teeth, one set comprising the fixed ratchet 
teeth engageable by the release pawl, these 
teeth being disposed on a convexly arcuate 
surface of the fixed ratchet, and the other 
set comprising the teeth engageable by the 80 
locking pawl, these teeth being disposed on 
a concavely arcuate surface of the fixed ratchet, 
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with both sets of teeth facing in the same 
direction. 

The mechanism may include a release pawl 
pivotally mounted on the output actuator lever 
5 and resiliency biased into engagement with 
the fixed ratchet teeth to prevent return 
movement of the mechanism, and a release 
lever mounted on one arm of the input lever 
and actuable to disengage the release pawl 
10 from the fixed ratchet teeth. The release lever 
and the release pawl may for example be 
interconnected by means of a Bowden cable. 

The output actuator lever may have an 
abutment for limiting movement of the input 
15 lever relatively to the actuator lever in the 
release direction. 

The output actuator lever may comprise a 
pair of spaced side plates between which the 
remaining parts of the mechanism are 
20 mounted. In this way a symmetrical construc- 
tion can be achieved, for favourable distribu- 
tion o£ the forces acting on the mechanism; 
the output actuator lever also gives some 
protection to the remaining parts of the 
25 mechanism. 

The input lever, the output actuator lever 
and the pawl lever may each be cranked, as 
seen in elevation, such that the three pivotal 
connections for each of these levers do not 
30 lie on a straight line. 

In the accompanying drawings: ^ 
Figure 1 is a schematic general view of the 
front portion of a coach chassis, illustrating 
the use of a variable-ratio lever ; mechanism 
35 according to the invention to actuate a parking 
brake linkage for the wheel brakes of a first 
and second pair of steerable wheels; 

Figure 2 is a greatly enlarged elevational 
view of the variable-ratio lever mechanism 
40 shown, in Figure 1; and 

Figures 3 to 6 are somewhat enlarged eleva- 
tional views showing the variable-ratio lever 
mechanism in an "off" position, two inter- 
mediate positions, and a "fully on" position, 
45 respectively. 

In Figure 1, a variable-ratio lever mechan- 
ism 10 is shown mounted by means of a 
bracket 12 on a longitudinal frame member 
14 of a coach chassis 16. Movement of an 
50 output member 18 of the lever mechanism 
is transmitted by way of a Bowden cable 
20 to a pivotally mounted front relay lever 
22, which is in turn connected by left- and 
right-hand relay cross rods — of which only the 
55 left-hand cross rod 24 is shown— and respec- 
tive Bowden cables 26 to left- and right-hand 
brake shoe assemblies 28 for a first, front 
pair of steerable wheels (not shown). The 
front relay lever 22 is also connected by means 
60 of a relay rod 30 to a rear relay lever 32, 
which is in turn connected by left- and right- 
hand relay cross rod— of which only the left- 
hand cross rod 34 is shown— and respective 
Bowden cables 36 to left- and right-hand 
65 brake shoe assemblies 38 for a second pair 



of steerable wheels (also not shown> The 
brake shoe assemblies 28 and 38 are con- 
ventional two leading-shoe assemblies which 
are also hydraulically operable in response 
to movement of a foot-brake pedal 40, 
such movement being transmitted by a 
push rod 42 to a pressure servo unit 
44 to cause hydraulic fluid to be sup- 
plied via conduits 46 to wheel brake 
cylinders 48 of the respective brake shoe 
assemblies 28 and 38. A conduit 46' addi- 
tionally supplies hydraulic fluid to corres- 
ponding wheel brake cylinders of left- and 
right-hand brake shoe assemblies for a pair 
of rear wheels (not shown). 

As is shown for example in Figure 2, the 
variable-ratio lever mechanism 10 includes an 
input lever in the form of a manual lever 50 
comprising a first arm 52 serving as a hand 
lever for . actuation by the vehicle driver and 
a second, relatively short arm 54 which is 
pivotally mounted by a pivot bolt "C" on 
one end portion of a brake actuator lever 56 
constituting an output actuator lever. The 
brake actuator lever 56, as is shown generally 
in Figure 1, is constructed as a pair of laterally 
spaced, interconnected side plates, and is 
mounted on a fixed pivot bolt "O" inter- 
mediate its ends, the other end portion of the 
brake actuator lever being apertured at a 
point "Q" to provide a pivotal connection 
to the output member 18 (shown in Figure 
3) for actuation of the mechanical parking 
brake of the vehicle. The free end portion 
of the second arm 54 of the manual lever 50 
is pivotally connected at a pivot point u G t n 
to one end of a yieldable connection con- 
stituted by a compression spring assembly 58 
the other end of which is pivotally connected 
to the brake actuator lever at a pivot point 
"G 2 " spaced from the fixed pivot "O". 

The fixed pivot bolt "O" for the brake 
actuator lever 56 is supported by a fixing 
bracket assembly 60 which is bolted at U L", 
"M" and "N" to the bracket 12 which is 
shown in Figure 1, and constitutes a fixed 
portion of the vehicle. A part of the fixing 
bracket assembly is formed as a fixed ratchet 
62 of arcuate form. 

A pawl lever 64 is mounted at one end on 
the fixed pivot bolt "O", and is pivotaHy 
connected at a point "B" intermediate its ends 
to one end of a straight link member 66 the 
other end of which is pivotally connected to 
the second arm 54 of the manual lever 50 at 
a point "A" between the pivotal connection 
w Gi" of the compression spring assembly 58 
and the mounting pivot "C". The manual 
lever 50, the brake actuator lever 56 and the 
pawl lever 64 are cranked as seen in elevation. 

A locking pawl 68 is pivotally mounted 
on the pawl lever 64 by means of a pivot 
pin "H" at the end of the pawl lever remote 
from the fixed pivot "O", and carries a 
laterally projecting pin "I". A hairpin torsion 
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spring 70 is mounted at its central portion 
on the pivot pin "H", and has end portions 
which engage facing portions of a pin "P" 
projecting from the flocking pawl 68 and of 

5 the pin "I" projecting from the pawl lever 
64, such that the torsion spring 70 resiliently 
biases the locking pawl 68 towards the fixed 
ratchet 62. The pin "P" projecting from the 

lA locking pawl 68 engages an abutment surface 

10 72 on the brake actuator lever 56 in some 
positions of the mechanism to prevent the 
locking pawl 68 from engaging the fixed 
ratchet 62, as will subsequently be described 

, in relation to the operation of the hand-brake 

15 mechanism. 

A release pawl 74 is pivotally mounted at 
a Point 'J" on the brake actuator lever 56, 
and is resiliently biased by a compression 

_ spring 76 into engagement with a set of teeth 

20 on the fixed ratchet 62. The fixed ratchet 
teeth engageable by the release pawl 74 are 
disposed on a convexly arcuate surface of the 
fixed ratchet, whereas the teeth engageable by 
the locking pawl 68 are disposed on the other 

25 side of the fixed ratchet, on a concavely 
arcuate surface, both sets of ratchet teeth 
facing in the same direction. A pawl release 
lever 78 which as shown in Figure 3 is pivot- 
ally mounted at a point * C S" on the free end 

30 portion 52 of the manual lever 5 50 is con- 
nected by means of a Bowden cable 80 to a 
point "K" on the release pawl 74, and is 
operable to disengage the release pawl from 
the fixed ratchet teeth. A stop pin "F" inter- 

35 connecting the two plates of the brake actu- 
ator lever 56 in the vicinity of the mounting 
pivot "C for the manual lever 50 serves 
to limit movement of the manual lever rela- 
tively to the brake actuator lever in a brake 

40 release direction. 

To operate the handbrake mechanism, the 
vehicle driver pulls the hand lever portion 
52 of the manual lever 50 from its "off" 
position towards the "on" position. In an 
•45 initial increment of movement of the manual 
lever, the resistance of the brake relay 
mechanism acting on the output member 18 
is insufficient to cause yielding of the com- 
pression spring assembly 58 arranged between 
50 the manual lever and the brake actuator lever 
56, and accordingly the manual lever and the 
brake actuator lever move as a whole about 
the fixed pivot "O", forming a simple two- 
arm lever for take-up of play or slack in the 
55 brake relay mechanism at a low mechanical 
advantage. 

When the play or slack has been taken up, 
the resistance offered by the output member 
18 is such that further movement of the 

60 manual lever causes yielding of the compres- 
sion spring assembly 58. The manual lever 
50 thereupon rotates relatively to the brake 
actuator lever 56 in a clockwise direction about 
the pivot "C" between these two ievers. The 

65 resulting clockwise movement of the short arm 



54 of the manual lever about the pivot "C" 
is transmitted by the link member 66 to the 
pawl lever 64, and causes the pawl lever to 
rotate relatively to the brake actuator lever 
56, in an anti-clockwise direction about the 70 
fixed pivot bolt "O". This action continues 
until, as shown in Figure 4, the relationship 
between the abutment surface 72 on the brake 
actuator lever and the pin "P" projecting 
from the locking pawl 68 is such that this 75 
pin can slide along and -thereby be released 
from the abutment surface to allow the lock- 
ing pawl to begin to engage one of the set of 
teeth on the concave surface of the fixed 
ratchet 62, as shown in Figure 5. .80 

When the locking pawl 68 engages the fixed 
ratchet 62, no further anti-clockwise movement 
of the pawl lever 64 is possible, because both 
ends of the pawl lever are held fixed. During 
further movement of the manual lever 50, 85 
movement of the brake actuator lever 56 
occurs at an increased mechanical advantage, 
by virtue of a four-bar chain mechanism 
BACO (best seen in Figure 2), the link OB 
of which is fixed, this four-bar chain mech- 90 
anism being constituted by the link member 
66 (BA), the part AC of the short arm 54 
of the manual lever 50, the part CO of the 
brake actuator lever 56, and the pawl lever 
64 (fixed link OB). Finally, the pivotal con- 95 
nection "G," between the short arm 54 of 
the manual lever and the compression spring 
assembly 58 passes the line which joins the 
pivotal connection K C between the manual 
lever 50 and the brake actuator lever 56 to 100 
the pivotal connection "G 2 n between the com- 
pression spring assembly and the brake actu- 
ator lever, whereupon an over-centre action 
occurs which, causes the compression spring 
assembly to assist the final increment of move- 105 
ment of the hand lever into the "on" position, 
in which the brake is fully engaged. 

To disengage the brake, pressure is applied 
to the hand lever to relieve the load on the 
release pawl 74, and the pawl release lever 110 
78 is actuated to disengage the release pawl 
from the fixed ratchet teeth 62; this causes 
disengagement of the brake, with changes in 
the mechanism occurring in the reverse order 
to that during the brake engagement. Move- 115 
ment of the hand lever in the release direction 
is limited by the stop pan "F" of the brake 
actuator lever. 

By means of the variable-ratio lever 
mechanism which has been described, a large 120 
output movement at a very low mechanical 
advantage is possible for take-up of play or 
slack in the brake relay mechanism, followed 
by movement at a high mechanical advantage 
for brake engagement, with assistance from 125 
the compression spring assembly. With a link 
configuration such as is shown in the accom- 
panying drawings, the mechanical advantage 
increases progressively after the changeover 
position at which take-up of play or slack 130 
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ceases and brake engagement begins, thereby 
producing a favourable course of brake en- 
gagement, with the assistance given by the 
over-centre action of the compression spring 
contributing to good efficiency. . 

For the variable-ratio lever mechanism 
shown in the drawings, the lever ratio during 
the initial increment of movement of the 
manual lever is 

D O cos « 
'„ ————— , j 

O Q cos fi 
where ?D" (shown in Figures 3 and 6) is the 
effective point of application of manual force 
to the manual lever 50, and « and p are the 
angles shown in Figure 2 and in the list 
below, namely the angle GDO and the acute 
angle between QO and the vertical, respec- 

tiV The lever ratio during the final increment 
of movement of the manual lever is 



D E 
O Q 



O C 
E C 



COS a' 
COS&' 



20 



(excluding the effect of the spring), where 
"E" (shown in Figure 6) is a point at the 
intersection of an axis joining the points O 
and C and an axis joining the points A and 
B, at and immediately after the changeover 25 
position, and «' and /?' are the angles shown 
in Figure 6 and in the list below, namely the 
angle CDE and the acute angle between QO 
and the vertical, respectively. If the efficiency 
is assumed to be 100%, the initial mechanical 30 
advantage (in the Figure 3 position) is 

D O cos <x 

O Q cos 0* 
and the final mechanical advantage (in the 
Figure 6 position) is 



35 



D E 
O Q 




Cos *' D C (O G- E C) 



cos ft' 



where * "*■ ■ 

F H =force applied at point D on 
handle, normally to PC; 
S li L+ti+ta , 

F a = [ — M sm * 

DC l+K 2 -2Kcosfli 
40 =force at point D on handle, 

normally to D C, due to spring 
only; . ' 

S= stiffness of spnng; -v 
lt=C G 2 ; . r 

45 L=free length of spring; 

tl +t 2 =length cf attachment portions at 
ends of spring; >>-..'■: . 
L=t 1 ^-^=length G x G 2 when spnng is free; 

' / li ~ ] 

50 R 5 =C G 1 ; 

0=angle G t C G 2 ; 

angle C D O; 
«'=ang!e C D E; and 
fland fl'=the angles between QO and the 
55 vertical through O in the positions 

shown in Figures 3 and 6 re- 
spectively. 

WHAT WE CLAIM IS: — . 

1 A variable-ratio lever mechanism com- 

60 prising a double-arm input lever pivotally 
mounted on one end portion of an output 
actuator lever which is mounted^mtermediate 
its ends on a fixed pivot, the other end por- 
tion of the output actuator lever being con- 

65 nected to an output linkage, one arm of the 
input lever forming an input arm and tne 
other arm being prvotaUy connected to one 
end of a resiliency yieldable link the other 
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end of whiclv is pivotally connected to the 
output actuator lever at a point spaced from, /u 
the fixed pivot, and a link member pivotally 
connecting the input lever at a point between 
the pivot for the yieldable link and the mount- 
ing pivot for vthe input lever to a pawl lever 
one end portion of which is pivotally mounted 75 
on the fixed pivot and the other end portion 
of which forms a pivotal mounting for a 
locking pawl which in one position oi tne 
mechanism can engage a fixed ratchet, the 
arrangement being such that in an initial m- 80 
crement of movement of the input lever the 
mechanism moves as a whole about the fixed 
pivot, in a further increment of movement 
the yieldable link yields at a design output 
load and allows the link member to move- 85 
the pawl lever about the fixed pivot to bring 
the locking pawl into engagement with the 
fixed ratchet, and in a final increment of 
movement a four-bar chain mechanism con- 
stituted by one arm of the input lever, the *u 
link member, the pawl lever and die output 
actuator lever produces an increased mechan- 
ical advantage at the output actuator lever. 

2. A variable-ratio lever mechanism accord- 

ing to claim 1, wherein the input arm of the V3 
input lever is arranged to be movable 
manually. , . , 

3. A variable-ratio lever mechanism accord- 
ing to claim 1 or 2, wherein the yieldable link 
comprises a compression spnng assembly. aw 

4 A variable-ratio lever mechanism accord- 
ing to claim 3, wherein the compression spnng 
assembly forming the yieldable link gives an 
over-centre action between the initial and fowl 
increments of movement of the input lever, aud 
such that in the final increment of movement 
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the compression spring assembly provides an 
increased force at the output actuator lever. 

5. A variable-ratio lever mechanism accord- 
ing to any one of claims 1 to 4, wherein the 
5 locking pawl is resiliently biased towards the 
fixed ratchet, and, during the initial increment 
of movement of the input lever, a pin-and- 
abutment connection between the locking pawl 
ia f° d out P ut actuator lever maintains the 
10 locking pawl out of contact with the fixed 
ratchet. 

. 6. A variable-ratio lever mechanism accord- 
ing to any one of claims 1 to 5, including a 
release pawl pivotally mounted on the output 

15 actuator lever and resiliently biased into en- 
gagement with the fixed ratchet teeth to pre- 
vent return movement of the mechanism, and 
a release lever mounted on one arm of the 
input lever and actuable to disengage the 

20 release pawl from the fixed ratchet teeth. 
7. A variable-ratio lever mechanism accord- 
nig to any one of claims 1 to 6, wherein the 
fixed ratchet has two sets of teeth, one set ■• 
comprising the fixed ratchet teeth engageable 

25 by the release pawl, which are disposed on a 
convexly arcuate surface of the fixed ratchet, 
and the other set comprising the teeth en- 



gageable by the locking pawl, which are dis- 
posed on a concavely arcuate surface of the 
fixed ratchet, both sets of teeth facing in the 30 
same direction. 

8. A variable-ratio lever mechanism accord- 
ing to any one of claims 1 to 7, wherein the 
output actuator lever has an abutment posi- 
tioned to limit movement of the input lever 35 
relatively to the actuator lever in the release 
direction. 

9. A variable-ratio lever mechanism accord- 
ing to any one of claims 1 to 8, wherein the 
output actuator lever comprises a pair of 40 
spaced side plates between which the remain- 
ing parts of the lever mechanism are mounted. 

10. A variable-ratio lever mechanism sub- 
stantially as hereinbefore particularly described 
and as shown in the accompanying drawings. 45 

11. A motor vehicle in which a variable- 
ratio lever mechanism according to any one of 
the preceding claims is mounted with the out- 
put linkage connected to or including a 
mechanically operable brake for at least one 50 
pair of road wheels of the vehicle. 

E. WILLIAMSON, 
Chartered Patent Agent. 
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